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Introduction 
 
 
I. The Identification of sex of skeletonized human remains 
Sex determination of skeletal remains is fundamental in forensic identification and 
bioarchaeological analyses (Howell, 1932; Işcan, 2005; Cattaneo, 2007; Albanese, 2013). It is 
the first step in forensic investigations involving the identification of unknown individuals, the 
identification of bodies in  mass disasters, and the identification of interred human remains in 
cases of human rights abuses (Cattaneo, 2007; Doretti and Snow 2009).  In bioarchaeological 
studies, knowledge of the sex of individual burials serves as the basis for analyses of 
demographic and dietary patterns as well as the characterization of behavior patterns and 
lifeways (Larsen, 1999).  
 Biological anthropologists have developed an array of anthroposcopic, statistical and 
molecular methods that can be employed for the determination of sex of skeletonized human 
remains. Anthroposcopic methods rely on the presence of sexually dimorphic features in the 
human skeleton (Howell, 1932; Krogman, 1986). These methods can sometimes be 
problematic in that different genetic lineages may express greater or lesser degrees of sexual 
dimorphism. Beyond this, anthroposcopic methods are often limited by poor preservation of 
skeletal remains (Brues, 1958; Vodanović et al, 2007). An additional issue is that sex 
determining features begin to develop in late adolescence and are only consistently  applicable 
with adult skeletons (Cardoso, 2008). Statistical analyses of dental and skeletal metric 
attributes are also useful for the determination of sex, but are dependent on excellent 
preservation of relatively intact skeletal or dental remains (Vodanović et al, 2007). Molecular 
methods of identifying sex-specific DNA haplotypes are an additional approach to sex 
determination (Quincey et al., 2013). However, nuclear DNA is susceptible to degradation and 
bacterial contamination. Additionally, the costs for each individual sample are too high to 
permit widespread application of the approach in bioarchaeological research.  
 An approach using a cytologic technique may obviate many of the difficulties 
associated with the traditional array of sex determination methods. A cytologic method relies 
on the fact that females have two X-chromosomes, one of which becomes inactive as a Barr 
Body, while males have an X and Y arrangement of sex chromosomes (Barr, et al. 1950). The 
Barr Body and X-chromosomes behave differently from the Y-chromosome in their reactions to 
laboratory stains and fluorescent dyes. Sundik (1985) first recognized that these different 
staining behaviors could be used to identify the sex of unknown skeletons. Muñoz and 
colleagues (2012) as well as  Suazo and colleagues (2010)  have demonstrated the capacity of 
using sex chromosomes and Barr Bodies for the accurate determination of sex in long bone 
and dental samples in a small, controlled sample of known sex (Suazo, et al. 2010). However, 
the stains used highlighted the structure of the Barr Body cellular structure. This can raise 
issues of replicability because of the miniscule nature of the Barr body versus fluorescing the 
actual cell, which would ease the process of locating them with microscopy. Another limiting 
factor of the study is that oldest remains were aged at twenty five years post mortem.  
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 Cytologic sex determination (sex chromosome identification) of skeletal remains creates 
an opportunity to offer comprehensive reconstructions of past lifeways. The present 
methodologies can only rarely be applied to non-adults and, as a result, sex-specific dietary 
differentials, mortality patterns, growth rates and morbidity loads cannot be determined. This 
seriously limits our ability to understand the cultural dynamics of past societies since “these 
differences reflect gender-related cultural behaviors and differential access to social and 
economic resources, treatment and care, important aspects of past children’s lives remain 
unrevealed” (Cardoso, 2008 pg. 159). With the identification of the sex of non-adults, it is also 
possible to begin to create more complete osteobiographies where, in combination with 
additional skeletal and dental observations, it will become possible to identify regularized 
activity patterns (Cattaneo, 2007). For example, manipulative dental wear is often observed in 
non-adults from past populations and is associated with activities such as basket manufacture, 
cloth production, and arrow production. Having the ability to consistently and accurately 
determine sex of non-adults would allow bioarchaeologists to begin to examine sex-specific 
transitions from child to adult activities.  
 
 
II. Methods for the Determination of Sex of Skeletal Remains  
 Sex identification by anthroposcopic techniques relies on the presence of well-marked 
sexually dimorphic features (Brues, 1958). This is problematic in that the effective and accurate 
use of most anthroposcopic features is dependent on the experience and skill of the observer. 
Beyond this, the degree of sexual dimorphism varies between populations and even skilled 
observers are sometimes challenged when working with materials from populations with 
relatively little dimorphic variation (Molleson et al. 1998; Gonzalez et al, 2007). 
 Sex determination by discriminant function analysis of various metrical features has 
been employed as an alternative to anthroposcopic observations. This has the benefit of 
reducing observer bias, but is typically dependent on relatively good preservation of skeletal 
elements. Additionally, given the existence of inter-populational metric variation in size and 
shape, discriminant functions should usually only be applied to the same population from which 
the statistic was initially derived (Gonzalez et al, 2007).  
 Anthroposcopic and metrical approaches to sex determination are wholly dependent on 
analyses of adult skeletal and dental structures. Since sexually dimorphic structure only begins 
to appear in the skeleton during early adolescence, anthroposcopic techniques are rarely 
applicable to individuals much younger than their mid-teens (Molleson et al. 1998; Wells, 
2007). The use of discriminant function analysis on dental metrics can be used to identify sex of 
younger children when there is sufficient crown development of the permanent teeth. 
However, this approach is still only applicable to individuals above the age of about six or seven 
years (Gonzalez-Reimers et al. 2000). 
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The determination of sex can also be accomplished with the identification of specific 
base sequences known to be situated only on the Y-chromosome (Richards et al. 1993). Nuclear 
DNA, however, is often subject to bacterial contamination and degradation (Jakubowska, et al. 
2012). It is also too expensive for widespread application in bioarchaeological research.  
 Given the difficulties associated with existing techniques, additional methods should 
prove useful by making it possible to affirm or correct the results generated by existing 
techniques as well as expand the range of age groups that can be included in forensic and 
bioarchaeological reconstructions. Cytologic sex determination can address some of the 
difficulties of the existing array of methods. It will be particularly useful in field situations where 
samples cannot be brought back to the laboratory and is sufficiently inexpensive for application 
with large samples. The application of cytologic sex determination is dependent on the 
presence of preserved osteocytes and preservation of sex chromatin, including Barr Bodies.  
 Pajevic (2013) describes the origin and function of the osteocyte.  The osteocyte is a cell 
that functions in bone formation and maintenance. The osteoblast creates new bone by laying 
down a matrix that later becomes mineralized in vivo. Some of these cells become trapped in 
the matrix and become osteocytes. After the death of the individual, the osteocyte can 
sometimes be well preserved, especially if it is protected by a field of matrix (Bell, 1995). The 
osteocyte appears as a branching star- shaped cell with globules attached at the ends. These 
globules are usually remnant organelles, fatty cells, or sex chromatin (Bell,  et al., 2008). 
Condensation of X-chromosomes (Barr Bodies) and Y-chromosomes are the cells that will be 
observed in order to identify sex.  
 Barr Bodies (Figures 1 and 2) were first observed by Barr and colleagues (1950) while 
conducting work on cats. They discovered that these cells existed only in the nuclei of somatic 
cells of mammalian females (Barr, et al. 1950; Gorokhova, 1971). The Barr Body is an  X-
chromosomes of a female which has become inactive Gorokhova, 1971).  Barr Bodies have 
been identified in bone, tooth, cartilage, muscle, skin, and other somatic cells of the body 
(Vernino, 1960; Suazo, et al. 2010; Muñoz, et al. 2012).    
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Figure 1. Barr Bodies along the margin of osteocytes (Suazo Galdames,  2012) stained with 
hematoxylin eosin. 
 
 
 
 
Figure 2. Barr Bodies in dental pulp tissue (Suazo Galdames, 2010) stained with hematoxylin 
eosin. 
 
 
III. Preservation 
The degree of preservation determines the analytical precision of forensic and 
bioarchaeological reconstructions (Nielson-Marsh, et al., 2000). Pre-interment treatment of the 
body as well as an inimical burial environment can significantly alter or destroy skeletal 
elements that are essential for identifying individualizing attributes of skeletal remains 
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(Buckberry, 2000; Pearson, 2000).  The diagenetic events underlying the chemical and 
microstructural destruction of skeletal remains have been intensively studied (Nielson-Marsh, 
et al., 2000, Jans et al. 2004).  Among the most significant destructive diagenetic agents are gut 
and soil bacteria (Jans et al. 2004). In the most extreme conditions, bacterial assault can result 
in “tunneling” and can cause significant destruction of skeletal structure (Nielson-Marsh, et al., 
2000; Rollo et al., 2002; Jans, et al., 2004). 
 
Materials 
 Bone cores were extracted from skeletal materials representing three different sources. 
Three cores were taken from anatomy laboratory demonstration specimens. These skeletal 
elements are from individuals who died sometime in the late 1950s or early 1960s. The 
cadavers were rendered into demonstration skeletons through the use of biological agents for 
defleshing and cleansed either by immersion in carbon tetrachloride or acetone solutions. The 
cores from the anatomy demonstration specimens were used in order to establish the protocol 
(cf. Suazo  2010).  
 In order to begin to assess the applicability of cytological sex determination to older and 
more degraded specimens, two additional sets of samples were generated from 
archaeologically derived materials. The first was a set of 10 cores taken from mammalian fauna 
excavated at the Pipe Site. This is a Middle Woodland site that was located in Washington 
County, Wisconsin and was occupied approximately 2000 years before the present. The second 
archaeological sample includes 17 cores which were taken from the human remains at the 
Chiggerville site in Ohio County, Kentucky. The site was occupied between 3000 and 2000 BCE. 
Radiocarbon dates are not available for individual burials, but artifact inclusions with the burials 
all indicative of an age of between about 4000 and 5000 years before the present. 
 
Methods 
 The analysis is begun by extracting a 6.35mm diameter core of cortical bone from the 
specimen (cf. Stein and Sander 2009). The sample core is taken with a diamond, hollow-core, 
water and oil cooled drill bit in a Dremel 275 rotary drill. The speed of the drill is controlled by a 
rheostat. After extraction, the undecalcified bone cores are processed into 20 micron thick 
slabs by slicing in a Vibratome 1000 and by hand with a 400 grit waterproof sandpaper. Two 
slides are made from each core. The first is stained with hematoxylin eosin dye which will 
demonstrate X-chromosomes, if present. The second slide was stained with quinacrine mustard 
which is used to demonstrate Y-chromosomes. Both slides are examined with a Zeiss binocular 
light microscope at between 100x and 250x. The eosin stained slide was examined under 
ordinary illumination and the quinacrine stained slide was illuminated with fluorescent light. 
 
 Results 
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 The preliminary results of the research are very promising. In the Chiggerville sample, 
intact Haversian systems have been observed in 12% of the cortical bone. At least two-hundred 
osteocytes embedded within these intact Haversian systems still have to be carefully examined 
on every section. Nonetheless, the results give a cause for optimism that intact nuclei will be 
present in at least some of these preserved Haversian systems. It is worth noting that the 
degree of preservation is substantially better than expected. This is surprising, given the age of 
the sample and the location of the site in a zone where bacterial diagenesis would be expected 
to be extensive. 
 
Discussion 
 This technique has a promise of facilitating forensic investigations, particularly with the 
initial work in cases of mass burials. It also has the potential of creating new research 
trajectories in bioarchaeological research. Histological sex identification will make it possible to 
determine the sex of non-adults. This will be a particularly powerful technique if the method 
can also be conducted with non-cortical bone which is abundant in very young individuals. 
Bioarchaeologists will be able to combine sex identification with trace element analyses of 
dental enamel. As enamel forms it accumulates the chemicals from the diet which are ingested 
by the individual. After the enamel is formed it becomes inert. These factors will enable 
bioarchaeologists to identify sex differentials in dietary patterns at ages throughout infancy and 
childhood. An additional line of inquiry becomes possible with the analysis of microwear on the 
occlusal surfaces of teeth. Microwear patterns are very specific and different patterns can be 
used to identify different types of foods. These microwear patterns persist only for a few days 
before they become obliterated by new wear patterns. As a result, the microwear on the teeth 
document the type of diet an individual ingested over the last few days of life. Given the fact 
that different types of foods are available in different seasons, studies of wear, when combined 
with sex identifications, will enable bioarchaeologists to begin to address issues of seasonality 
of mortality of non-adult males and females in ancient societies. There is a wide range of 
additional issues of sex differentials in morbidity and activity that will be capable of being 
addressed in bioarchaeological research when the basic demographic datum of sex of the 
individual can be determined for non-adults. 
 
 
Conclusion 
 The determination of sex in skeletonized remains is fundamental in forensic 
anthropology and bioarchaeology. Despite its importance, there are significant shortcomings 
with all of the existing methods. Developing a new method of determining sex from histological 
observations has the promise of overcoming many of the difficulties that currently exist in the 
methodological repertoire. The technique may be limited in its application to forensic cases and 
archaeological sites where there are specific burial conditions that inhibit bacterial action. 
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Nonetheless, the technique will create new opportunities for research and enable 
bioarchaeolgists to study, with greater precision, the interaction between human behavior and 
human biology. 
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